becomes more portable and affordable, its use will become increasingly widespread and accessible. [9] [10] [11] [12] Given the applicability, portability, and patient-centered benefits of point-of-care ultrasound, it seems reasonable that this technology should be introduced during undergraduate medical education. 13 Over the past 10 years, medical schools have begun to implement ultrasound into their curricula, and ultrasound has proved to enhance student education in physical examination, in basic sciences, as well as on clinical rotations. [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] Medical schools that provide point-of-care ultrasound training have shown that students find it useful in various aspects of medical education and expressed interest in obtaining further education in ultrasound. 17, 18, 20, [24] [25] [26] [27] [28] [29] [30] [31] [32] The current overall state of ultrasound in medical education (USMED) has been recently delineated. A national survey of medical school curriculum administrators and deans showed that only about 62% of medical schools in the United States offered either required or optional ultrasound training in their curriculum. 33 Medical school curriculum administrators also report roadblocks to ultrasound implementation as lack of space in curricula, financial support, equipment, and trained faculty. 33 Even though there is a strong agreement that ultrasound should be implemented in undergraduate medical education curricula, few schools actually make it a priority. 33 Successful implementation of required USMED curricula remains difficult given these barriers. We define a school as having a required USMED curriculum if the school mandates point-of-care ultrasound training for all students in any medical school year. Some schools have successfully implemented required USMED curricula under the direction of USMED directors. 14, 18, 20, 23, 34 Demographics such as medical specialties, levels of experience, and ultrasound training of USMED directors are still unknown. The experiences of USMED directors regarding perceived barriers and reasons for ultrasound education might be different from those of medical school administrators and deans, who are unlikely to be involved with direct bedside ultrasound teaching of medical students. These experiences may help other upcoming USMED directors as they try and integrate ultrasound curricula at their respective institutions.
To our knowledge, no studies to date have surveyed individuals who are successfully championing established USMED programs. Our study aimed to identify demographics of current USMED directors in the United States and determine barriers to ultrasound integration, characteristics of ultrasound programs that currently exist, and the reasons for merging ultrasound into preexisting curricula as perceived by these directors.
Materials and Methods

Design
This study was a cross-sectional survey of USMED directors from February 2014 to May 2014. A list of 175 medical schools in the United States was obtained, including both allopathic and osteopathic schools. Criteria for having an integrated ultrasound curriculum was defined as having a required ultrasound curriculum for all medical students in any of years 1, 2, 3, and 4 of their medical education. Examples of schools that were not considered to have a USMED curriculum are ones that have brief passive exposure to ultrasound during a radiology or obstetrics rotation, with minimal to no active hands-on ultrasound scanning by the students. The local Institutional Review Board approved of the study and deemed it exempt, and consent was waived.
To facilitate getting the contact information for USMED directors, we looked at readily available resources. An e-mail list of participants from the Second Annual World Congress on Ultrasound in Medical Education, hosted in September 2013, was obtained, and an e-mail list of medical schools listed in the American Institute of Ultrasound in Medicine Medical Education Portal was obtained. We contacted all individuals in the above lists to elicit who the USMED directors were at their respective institutions. If an USMED director of a school could not be found by the above means, we contacted the dean's office from the school's website. We then called or e-mailed the dean's office of each medical school to inquire about the status of ultrasound implementation at the school. If it was reported that there was no ultrasound implementation according to the above criteria, then the school was recorded as having no ultrasound integration. For schools that were unable to answer the initial phone calls or e-mails, our group called and e-mailed again on 3 separate occasions (each 2-3 weeks apart). After 3 attempts, a website search for the school was conducted to seek any type of required pointof-care ultrasound training provided by the school. If no USMED curriculum could be found after the multiple contact attempts and Web searches, the institution was then categorized as not having a USMED curriculum. For the schools with confirmed ultrasound curriculum integration, we obtained the e-mail addresses for the USMED directors of the schools. All USMED directors obtained from the above process were e-mailed an invitation to participate in the online survey using http://www.qualtrics.com (Qualtrics LLC, Provo, UT). No compensation was offered.
Survey
An initial survey was developed using multiple-choice and free-text questions. After the questions were designed, the survey was pilot tested by USMED directors at 4 different USMED institutions for comments and feedback. Feedback was sought as to the relevance, validity, and clarity of each survey question. Several questions were modified, added, or deleted on the basis of comments of these directors. The final survey distributed to all USMED directors consisted of 27 questions.
The distribution of institutions with and without USMED curricula was identified. The survey was then distributed to the USMED directors of institutions with USMED curricula. Demographic information requested from USMED directors included sex, age, medical specialty, and ultrasound training. Barriers to starting the USMED program and reasons for ultrasound implementation were assessed. Details about the ultrasound curriculum at the USMED director's institution was elicited, including the number of years ultrasound was implemented into the curriculum, the number of ultrasound machines available, faculty details, ultrasound competency assessments, peer-to-peer teaching, and which medical school years had USMED implementation.
Data Analysis
A descriptive analysis was performed, and data are presented as mean and standard deviation, minimum and maximum, and number and percentage. The Mann-Whitney U test was used for comparison of continuous or ordinal variables, and the χ 2 test was used for comparison of dichotomous or nominal variables. Statistical significance was determined at P < .05. Data were analyzed with Stata version 13.1 software (StataCorp, College Station, TX).
Results
The distribution of institutions with and without USMED curricula is depicted in Table 1 . Forty-eight schools (27.7%) had a mandatory USMED curriculum implemented, and 125 schools (72.3%) did not have USMED implementation. There were statistically more allopathic schools with USMED curricula. There was no significant difference in region, institution type, faculty size, and research ranking. All 48 schools with USMED curricula were contacted to identify the USMED directors at the institutions. Of the 48 USMED directors who were contacted, 36 responded to the 27-question survey, for a 75% response rate.
The demographics of the 36 USMED directors, including sex, age, primary medical specialty, subspecialty, academic title, and ultrasound background, are listed in Table 2 . Most USMED directors had their primary medical specialty based in emergency medicine. However, there was diversity in the directors' backgrounds, including internal medicine, radiology, family medicine, neurology, and obstetrics and gynecology. Most directors (55.6%) had the academic title of assistant professor, and 14 directors (38.9%) were certified by the American Registry for Diagnostic Medical Sonography. Table 3 shows the barriers faced by directors to implementing USMED. Nineteen (52.8%) of the directors reported some type of resistance by their institutions. Most common barriers were lack of funding for equipment/faculty time and lack of time in current medical student curricula. Other barriers faced included difficulty recruiting faculty help, lack of institutional acceptance/ understanding of the importance of ultrasound, and political barriers. Most schools implemented the USMED curricula into preclinical years in the anatomy and/or physical examination courses. Table 3 shows reasons why USMED directors chose to implement USMED at their institutions, including helping students learn anatomy, usefulness later in practice, and usefulness for all physicians. Data are presented as number (percent). Table 4 depicts the ultrasound program details regarding the number of years USMED was implemented, number of dedicated ultrasound machines, number of faculty, and number of hours of faculty training. In addition, 18 of 36 (50%) of USMED directors reported that ultrasound competency is formally assessed, and 18 of 36 (50%) reported involvement of student peer-to-peer teaching. 
Discussion
Implementation of USMED is still in the early phases, and some schools are successfully integrating ultrasound into their curricula. 14, 20, 23, 24 We sought to determine how many allopathic and osteopathic schools had required USMED curricula in the United States according to predefined criteria. We subsequently surveyed the experiences of the USMED directors of those institutions. To our knowledge, this study is the first to provide insight into the current state of medical schools in the United States that have required USMED curricula as reported by USMED directors.
Our study found that USMED directors come from a variety of medical specialty backgrounds, including emergency medicine, family medicine, internal medicine, obstetrics and gynecology, and radiology. This finding indicates that a diverse and collaborative group of specialties is currently training medical students in point-of-care ultrasound. Data are presented as number (percent); n indicates number of respondents. Most schools implemented USMED in years 1 and 2 of medical education, and the average number of years USMED was implemented was approximately 3 years. The most common barriers faced included lack of funding and lack of time in the current medical school curricula. A previous national survey of curricular deans in the United States collected in 2012 revealed that 62.2% of allopathic medical schools had ultrasound, required or optionally, integrated into their undergraduate medical education. 33 There are several differences between our study and the previous study. Curricular deans were surveyed rather than USMED directors. Because they are at the frontline of implementing USMED curricula, we believe that USMED directors may have more insight into specific USMED curricular details as well as barriers faced, since they are directly charged with curriculum design and implementation. Our study defined a school as having a USMED curriculum only if the curriculum was required for all students, and as a result, we found that only 28% of schools had integrated USMED curricula. In addition to surveying allopathic medical schools, we also surveyed osteopathic schools to try and include all medical schools in the United States. In the previous study, most schools had ultrasound integrated in year 3, as opposed to our study, which showed most schools implementing USMED in years 1 and 2. This difference may be attributable to the idea that curriculum deans may perceive that passive ultrasound learning during year 3 clerkships is how most students are getting their ultrasound exposure; however, it is unclear how much active hands-on ultrasound experience students are actually receiving during year 3. We found common barriers of a lack of funding and curricular time, similar to Bahner et al. 33 The data from our study can be useful to schools beginning USMED curricula by drawing from the experiences of current USMED directors who have been successful at implementing USMED at their respective institutions. These data can be presented to medical school deans determining resources that may be needed to start USMED programs. Our data indicated an average of 9 dedicated machines at USMED institutions. However, some schools did not have any dedicated ultrasound machines and used innovative ways of borrowing hospital ultrasound equipment during medical student teaching sessions. Our study also found that there was an average number of 8 faculty members involved with helping teach the medical students, requiring about 40 hours per year of faculty development. Institutions with ultrasound-naïve faculty will likely need more time dedicated to faculty development than institutions with faculty already trained in point-of-care ultrasound. 23 Most schools implemented USMED in years 1 and 2, likely because the preclinical years are when the schedule and curriculum are uniform among students. Furthermore, early introduction is likely beneficial, as students learn the basic principles of ultrasound before using it in the clinical setting.
Our data show that more than one-fourth of schools across the United States have required USMED curricula implemented, and another study showed that most medical school curriculum administrators agreed that there should be ultrasound curricula at their institutions. 33 Given this trend, we believe that more schools will be attempting to implement USMED, and they will likely face similar initial barriers as institutions with established USMED curricula. Funding is the largest obstacle, given the substantial amount of resources, both personnel and equipment, needed to start a USMED program. A stepwise approach may be most feasible by starting with only a single medical school class and including subsequent classes over the following years to create a longitudinal vertical curriculum. 14, 23 It can also be difficult to find sufficient faculty numbers to help teach, and a substantial amount of faculty development time may be needed. Near-peer teaching has been show to be an effective educational method, which may reduce the faculty time needed. [35] [36] [37] Fifty percent of USMED directors in our survey reported the use of near-peer teaching. Given the full schedules of students, ultrasound education also lends itself well to selfdirected asynchronous learning using online resources and simulators. [38] [39] [40] [41] This study had several limitations. We attempted to contact all schools and did in-depth website searches to see whether all schools had USMED curricula. However, we may have missed some schools that were just in the beginning process of implementing or are planning to implement. The response rate to the USMED director survey was 75%, so we may have missed a substantial amount of information from other USMED directors who did not participate in this study. We also understand that care must be taken when implementing USMED. Despite the fact that schools are beginning to implement USMED, there remain no national standards for USMED curricula among schools. This factor could be a barrier, as schools are emphasizing competency-based outcomes and entrustable professional activities. [42] [43] [44] Further studies will need to define these national standards.
In conclusion, USMED is taking a more prominent role in undergraduate medical education. The distribution of schools with USMED is spread fairly evenly across the United States. Barriers to ultrasound implementation are lack of funding and lack of time in the curricula. Experience from current USMED directors can help other programs beginning to implement USMED curricula. National standards for a USMED curriculum are still unclear and will need further study.
